Diphasic
Recording of Action Potential
A pair of electrodes placed on the surface of a nerve or muscle at rest register no difference of potential between them. If, in the tissue activated at one end, the propagating action potential reaches the nearest electrode (G1), then G1 becomes negative relative to the distant electrode (G2) This results in an upward deflection of the tracing according to the convention of clinical electrophysiology (although one could also set the oscilloscope to display negativity of G1 as a downward deflection as some investigators do against the general trend.) With further passage of the action potential, the trace returns to the baseline at the point where the depolarized zone affects G1 and G2 equally.
When the action potential moves further away from G1 and toward G2, G2 becomes negative relative to G1, or G1 becomes positive relative to G2. Therefore, the trace now shows a downward deflection.
It then returns to the baseline as the nerve activity becomes too distant to affect the electrical field near the recording electrodes. This produces a diphasic action potential as shown in Fig. 1 .
Effect of Volume Conduction
The above discussion dealt with a directly- The theory of solid angle approximation pertains to analyzing an action potential recorded through a volume conductor. This theory states that the solid angle subtended by an object equals the area of its surface divided by the squared distance from a specific point to the surface. The resting transmembrane potential consists of a series of dipoles arranged with positive charges on the outer surface and negative charges on the inner surface.
Thus, it increases in proportion to the size of the polarized membrane viewed by the electrode and decreases with the distance between the electrode and the membrane.
Solid angle approximation closely predicts the potential derived from a dipole layer as schematically shown in Fig. 2 (bottom) of an action potential represented by the shaded area. As the impulse propagates from left to right in the top series, the two electrodes see no potential difference in (a), (c), and (e) . Relative to the reference electrode (G2), the active electrode (G1) becomes negative in (b), and positive in (d), resulting in. a diphaslc potential. In the bottom, the darkened area on the right indicates a killed end with permanent depolarization, making G1 positive relative to G2 in (a'), (c'), and (d'). In (b'), G1 and G2 see no potential difference, causing upward deflection from the positive baseline to 0 potential. In (a), total solid angle consists of Q1, Q2, and Q3. Potential at P subtending solid angles Q1 and Q3 equals zero as, in each, the nearer and farther membranes form a set of dipoles of equal magnitude but opposite polarity. In Q2, however, cancellation fails because these two dipoles show the same polarity at the site of depolarization. In (b), charges of the nearer and farther membranes subtending solid angle Q2 are placed on the axial section through a cylindrical cell. A dipole sheet equal in area to the cross section then represents the onset of depolarization traveling along the cell from left to right with positive poles in advance.
(Adapted from Patton32)) a b potentials.
A sequence of potential changes arise as two sufficiently close wave fronts travel in the volume conductor from left to right (Fig. 3) . This results in a positivenegative-positive triphasic wave as the moving fronts of the leading and trailing dipoles, representing depolarization and repolarization, approach, reach, and finally pass beyond the point of the recording electrode.
Thus, an As shown in (a), G1 initially sees the positivity of the first dipole, which subtends a greater solid angle (Qd) than the second dipole of negative front (Qr). In (b), this relationship reverses with gradual diminution of Qd compared with Qr, as the active region approaches G1. In (c), the maximal negativity signals the arrival of the impulse directly under G1, which now sees only negative ends of the dipoles. In (d), the negativity declines as G1 begins to register the positive end of the second dipole. In (e), the polarity reverses again as Qr exceeds Qd. In (f), the trace returns to the baseline when the active region moves further away. The last positive phase, though smaller in amplitude, lasts longer than the first, indicating a slower time course of repolarization. As for the second of the two possibilities discussed above, short sequential segments of the brainstem pathways may each summate in far-field recording, resulting in successive peaks of the recorded potentials.2) This mechanism by itself, however, does not account for the standing peaks derived from the propagating volleys at certain points along the greater length of the afferent pathway. In short latency somatosensory evoked potentials (SEP) of the median or tibial nerve a voltage step develops between the two compartments when the moving volley encounters a sudden geometric change at the border of the conducting medium.21) Here, each volume conductor on the opposite side of the boundary, in effect, acts as a lead connecting any points within the respective compartment to the voltage source at the partition.8,19) Consequently, the potential difference remains nearly, though not exactly, the same regardless of the distance between G1 and G2, thus allowing detection of the voltage step in far-field recording. The designation, junctional or intercompartmental potential, differentiates this type of stationary peaks from fixed neural generators and helps specify the mechanism of the voltage step generated by the travelling impulse at a specific location. With short-duration diphasic sensory spikes, a slight physiologic latency difference could line up the positive peaks of the fast fibers with the negative peaks of the slow fibers, canceling both (Fig. 4) . According to computer simulation,22,33) this phenomenon alone can reduce the normal sensory nerve action potential to below 50 percent in area as well as in amplitude, a conservative figure, based on computation of a limited number of nerve fibers for analysis. A model for phase cancellation between fast (F) and slow (S) conducting sensory fibers. With distal stimulation two unit discharges summate in phase to produce a sensory action potential twice as large. With proximal stimulation, a delay of the slow fiber causes phase cancellation between the positive peak of the fast fiber and negative peak of the slow fiber, resulting in a 50 percent reduction in size of the summated response.
Thus, a major reduction in size of the compound sensory action potential can result solely from physiologic phase cancellation.
In contrast, the same temporal dispersion has less effect on compound muscle action potential because motor unit potentials of longer duration superimpose nearly in phase rather than out of phase despite the same latency shift, resulting in less cancellation compared to sensory potentials (Fig. 5) . In support of this view, the duration change of the sensory potential, expressed as a percentage of the respective baseline values, far exceeds that of the muscle response. As expected from the term, durationdependent phase cancellation,20) a physiological temporal dispersion also reduces the amplitudes of short duration muscle action potentials such as those recorded from intrinsic foot muscles substantially. Fig. 4 to show the relationship between fast (F) and slow (S) conducting motor fibers. With distal stimulation two unit discharges representing motor unit potentials summate to produce a muscle action potential twice as large. With proximal stimulation, long duration motor unit potentials still superimpose nearly in phase despite the same latency shift of the slow motor fiber as the sensory fiber shown in Fig. 4 conduction block usually implies the presence of focal demyelination although other conditions such as ischemic neuropathy can cause similar reversible changes. Increased ranges of conduction velocities result in pathological temporal dispersion broadening the evoked action potential. Desynchronization of the nerve volley may also result from repetitive discharges at the site of axonal injury after the passage of a single impulse.
Unless secondary axonal degeneration is induced by damage of the myelin sheath, electromyography reveals little or no evidence of denervation.
The motor unit potentials, though normal in amplitude and waveform,
show poor recruitment because some fibers fail to transmit the impulse. In some cases of multifocal motor neuropathy, failure to maximally excite the involved segment sometimes calls for near nerve stimulation using a needle electrode.
Alternatively, stimulation of more proximal, unaffected nerve segment may give rise to a normal response, indicating the passage of impulse across the lesion site despite its abnormally elevated threshold for local excitation (Figs. 7, 8 ). During the course of wallerian degeneration, the distal stump of the nerve remains viable for several days at a time when its proximal part fails to transmit the signal across the injury site. In this situation, conduction studies performed soon after nerve sever- 
